Abstract
INTRODUCTION
A dust explosion needs to be triggered by an ignition source of sufficient energy and simultaneously requires the presence of dust clouds of appropriate concentration and an atmosphere containing enough oxygen to permit combustion. The combustion process leads to a rapid and significant increase in pressure, typically up to 700-1000 kPa within a confined space; such pressures could lead to the fracture and collapse of a silo or to a burst of the silo roof and upper walls with resultant flying projectiles [1] .
The highest risk of explosion poses primary threat in the production processes, where dust is handled in some way. Such processes are used, for example, in the food, pharmaceutical or chemical industries. Technologies that companies use for milling, drying, pneumatic or mechanical transport, storage and filtration are highly susceptible to self-ignition, occurrence of fire and explosion. A series of accidents, fires and explosions, which happened in the past, turned attention of experts to the development of the systems and devices that could protect industrial technologies from these events [2] .
A dust explosion could be triggered when flammable particulates suspended in the air encounter ignition sources with sufficient energy. Combustible dust can be found in the form of a by-product in various industries such as drilled-charcoal powder in coal mining and wood powder in the wood industry, or in the form of raw materials or intermediate products such as sugar powder in the food processing plants. Aside from high temperatures and overpressures caused by dust explosions, toxic gases can also be produced in the violent chemical reactions. Thus, dust explosions pose significant threats to people, assets, and the environment. Dust explosions have caused numerous losses in industry [3] .
According to the previous research of Eckhoff [4] , fuel, oxidant, ignition source, confinement, and suspension are the essential factors for a dust explosion [2] .
Properties of dust clouds and settled dust are characterized by the Lower Explosive Limit (LEL), the maximum explosion characteristics (maximum explosion pressure pmax, maximum rate of explosion pressure rise (dp/dt)max), minimum ignition energy Emin, minimum ignition temperature of dust clouds troz, induction period for ignition τi and Limiting oxygen concentration (LOC) [5] .
The article presents the practical measurement of the maximum explosion pressure and the maximum rate of explosion pressure rise of the wheat flour dust clouds in dependence of the particle size distribution. Research on the dependence of the explosion parameters on the granulometry of the samples has also been dealt in [6, 7 and 8] .
The measurements were carried out in accordance with EN 14034-1+A1:2011 Determination of explosion characteristics of dust clouds. Part 1: Determination of the maximum explosion pressure pmax of dust clouds and the maximum rate of explosion pressure rise according to EN 14034-2+A1:2012 Determination of explosion characteristics of dust clouds -Part 2: Determination of the maximum rate of explosion pressure rise (dp/dt)max of dust clouds [9] .
MATERIALS AND METHODOLOGY OF EXPERIMENT
For the measurement of monitored characteristics, we used a modified chamber of KV 150-M2. Scheme of the chamber is shown in Figure 2 . Dust clouds in this unit is carried out mechanically. From the tank with volume 5.5 liters, the compressed air is transmitted by a fast opening electromagnetic valve to inner space of the chamber which a volume of 291 liters. The sample is located on a plate and spread by the compressed air at the pressure of 9.5 bar. The compressed air is directed to the sample through the metal profiled sheeting. The sample is ignited by a nitrocellulose igniter after spreading the sample. The igniter works on a resistive principle. Immediate ignition of nitrocellulose is achieved by the power source with parameters of 60 V DC and 5.5 A, which is supplied to the resistance wire and results in an immediate burn and interruption of the wire. Ignition energy of the nitrocellulose used in initiator is 10 kJ. Ignition of dust and dispersion of the dust is timed by a solid state timing relay. The relay has a fixed time interval set between the opening of the fast opening valve and with the connecting power to the initiator clamps. Time delay was set on 260 ms. The pressure changes inside the chamber were recorded by the pressure transducer with mA output and the maximum measurable overpressure value of 20 bar. The pressure transducer is powered by a stabilized 24 V DC source. Response time of pressure transducer is 0.5 ms and the current value is recorded through the datalogger. The measured samples were two different wheat flour dusts. Particle size of samples is shown in Table 1 . Measurement of the parameters was carried out on the apparatus described above. The igniter was nitrocellulose of a weight from 1.25 g. As mentioned above, the weight of the nitrocellulose corresponded to the energy of the initiator with the value of 2 x 5 kJ.
The current in the circuit was measured by the 269.3  resistor with a data logger. The values were recorded at the rate of 2000 values/second. Recording of the pressure changes during the explosion of dust clouds was measured in the concentrations range 150 -1000 g/m 3 .
RESULTS AND DISCUSSION ON RESULTS
The values of pressure depending on the time obtained by the measurement are shown in Figures 3 and 5 . The results suggest that the increasing concentration of the dust leads to the increase of the pressure value and the pressure rise value in the chamber. Tab. 2 shows the explosion characteristics of the wheat flour dust clouds samples at various concentrations.
By comparing the measurement results with the Gestis-Dust-Ex database [10] , we determined that the measurement results of both samples correspond to the measurements in the database. The Gestis database for Sample 1 lists the maximum explosion pressure of 7.2 bar and the explosion constant of Kst of 41 bar.s -1 .m. For Sample 2, the Gestis database lists the maximum pressure of 7.3 bar and the explosion constant of 59 bar.s -1 .m. 
CONCLUSIONS
The tests of the explosion of the wheat flour dust clouds by the device which parameters were described above proved that the maximum value of the pressure of Sample 1 (median value of particle size 84 m) was reached at concentration of 600 g / m 3 and its value is 7.00 bar.
The maximum value of the pressure of Sample 2 (median value of particle size 50 m) was reached at the concentration of 1000 g/m 3 and its value is 7.97 bar. The explosion constant Kst of Sample 1 was calculated for the concentration of 600 g/m 3 and its value is 16.9 bar.s -1 .m. The explosion constant Kst of Sample 2 was calculated for the concentration of 600 g/m 3 and its value is 54.9 bar.s -1 .m. On the basis of measurement, we found that the distribution of the particles has a significant impact on the parameters of the wheat flour dust samples. It can be concluded that the sample with smaller particles exhibits higher explosion parameters.
